Background and Objective: Atypical endometriosis is reported to possess a precancerous potential attributed to premalignant changes characterized by cytological atypia and architecture proliferation. Although the coexistence of atypical endometriosis and neoplasms has been reported, cases of atypical endometriosis transformation to carcinoma are rarely reported. The purpose of this case series was to evaluate the prognosis of atypical endometriosis. Subjects and Methods: Data from nine women who underwent surgical treatment including cystectomy and salpingo-oophorectomy with or without hysterectomy and diagnosed with atypical endometriosis was analyzed. Between January 2006 and January 2018, the clinical characteristics and prognosis of atypical endometriosis were evaluated. Results: During the follow-up period, eight of nine patients with atypical endometriosis did not develop malignant epithelial tumors, although one patient developed endometrioid carcinoma, grade 1, 48 months after her right Case
Introduction
Atypia of epithelium with endometriosis is often reported; it was first reported by Czernobilsky in 1978 [1] , and LaGrenade and Silverberg proposed criteria for diagnosing atypical endometriosis (AE) in 1988 [2] . AE is diagnosed on the basis of histopathological criteria, including the features of eosinophilic cytoplasm, large hyperchromatic or pale nuclei with moderate to marked pleomorphism, an increased nuclear to cytoplasmic ratio, cellular crowding, and stratification or tufting. Many researchers have described AE as possessing a precancerous potential attributed to premalignant changes characterized by cytological atypia and architecture proliferation [3] [4] [5] . Moreover, the coexistence of AE and neoplasms has been often reported [6] . However, cases diagnosed as AE without neoplasms are rare, and there is no clinical guideline associated with them. Therefore, the management of such cases is often difficult. We identified nine consecutive cases of AE without neoplasms and followed them for long-term periods. Thus, the aim of this case series was to collect the clinical data and evaluate the long-term prognosis for AE.
Subjects and Methods
Between January 2006 and January 2018, we studied nine women who underwent surgery and were diagnosed with AE without neoplasms at the Departments of Obstetrics and Gynecology, Nara Medical University, Japan, and its affiliated hospitals. Patients data included age at diagnosis, body mass index (BMI, kg/m 2 ), nulliparity, menopausal status, preoperative CA125 (U/mL) values, cyst size (cm), laterality, the imaging characteristics of preoperative diagnosis, surgical procedure, and hormonal therapy after surgery. The follow-up periods (months) were evaluated, and recurrence and malignant transformation were analyzed during the periods. A recurrence of endometriosis was defined as the time when endometriomas over 2 cm in size were confirmed by MR imaging. A relapse of AE was defined as the situation in which the pathological finding of AE was confirmed. The follow-up periods were calculated from the date of surgical treatment to the time of the last follow-up visit.
AE was diagnosed on the basis of the following criteria: (i) the features of eosinophilic cytoplasm, (ii) large hyperchromatic or pale nuclei with moderate to marked pleomorphism, (iii) an increased nuclear to cytoplasmic ratio, (iv) cellular crowding, and (v) stratification or tufting. All pathological sections were analyzed by highly qualified pathologists with over 10 years of experience. We excluded cases diagnosed as borderline malignant ovarian tumors and ovarian carcinoma. The case report was approved by the ethics committee of Nara Medical University and written informed consent was obtained from all patients. 
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Results
The clinicopathological features of the nine patients, including age, BMI, parity, menopausal status, and CA125 values are shown in Table 1 . The median age of patients at surgery was 39 (range 28-68) years, and eight (88.9%) women were premenopausal. The median BMI was 20.5 (range 18.2-25.9) kg/m 2 , and six (66.7%) women were nulliparous. The preoperative CA125 level was elevated in four cases, and the median level was 30 (range 21-206) U/L.
The median follow-up periods for all patients were 68 (range 13-131) months. During the follow-up period, only one patient experienced a recurrence of endometriosis. The recurrence occurred 7 months after the patient underwent surgery. Finally, the patient developed stage 1C endometrioid carcinoma, grade 1, 48 months after undergoing right laparoscopic cystectomy. We reported the case in 2013 [7] . There were no case of recurrence of AE.
Preoperative diagnosis was performed by pelvic Magnetic Resonance Imaging (MRI) in seven patients and by computed tomography in one patient. The median cyst size was 6.8 cm (range 3.5-9.2) and only one patient revealed a multi lobular cyst. Almost all the cysts showed the same signal pattern with regard to the MRI intensity; T1-weighted images had high signal intensity and T2-weighted images had iso-high signal intensity. The signal patterns indicated the so-called chocolate cyst. Malignancy was suspected preoperatively in only one patient (case 2) because her cyst had a small mural nodule that was enhanced with gadrium ( Fig. 1) . Except for this one case, we could not identify mural nodules in the cysts of other patients, which would have indicated a possible malignant transformation of ovarian endometriosis.
The curative surgery for endometriosis, hysterectomy, and bilateral salpingo-oophorectomy was performed in only one case, and the conservative surgery, one-sided or bilateral cystectomy, or one-sided salpingo-oophorectomy with or without hysterectomy was performed in the other eight cases. The patient in whom a recurrence and malignant transformation was identified underwent the conservative surgery (Table 2) .
With regard to laterality of AE, six of the nine cases (66.7%) were left-sided and three were right-sided (Table 1) . Postoperative hormonal therapy was administered to control recurrence in five of the eight cases who received conservative therapy; one case received gonadotropin-releasing hormonal agonist (GnRHa), two received dienogest and two others received low dose estrogen-progestin. The case whose condition developed to ovarian endometrioid carcinoma was administered GnRHa therapy. Neither of them received adjuvant chemotherapy nor radical surgery including retroperitoneal lymphadenectomy after their surgeries ( Table 2) .
Histology of the nine cases is shown in Figure 2 . All the nine patients fulfilled the criteria of AE. All the patients are still alive, and the survival rate is 100%.
Discussion
A subset of AE has been considered to coexist with ovarian carcinoma, especially endometriosis-associated ovarian carcinoma, including clear-cell carcinoma and endometrioid carcinoma with a potential of developing or transforming to ovarian carcinoma [8] . The transformation rate into ovarian cancer, however, remains unclear. There have been no reports regarding the prognosis of AE without neoplasms. Hence, the present report attempted to investigate the prognosis of AE without neoplasms for long-term follow-up periods by evaluating the incidences of malignant transformation and recurrence of endometriosis or AE. In our present report, only one of the nine patients (11.1%) experienced a recurrence of endometriosis, and developed stage 1C endometrioid carcinoma.
There are two important issues concerning AE cases. One is that we need to consider the possibility of its coexistence with neoplasms, and the other is determining how to conduct a follow-up of those patients. Therefore, strict differential diagnosis is needed. There are neither clinical guidelines regarding postoperative monitoring, such as counseling for hormonal therapy (e.g., oral contraceptives and luteal hormonal therapy) nor rules of curative surgery including total hysterectomy and bilateral salpingo-oophorectomy following conservative primary surgery. In addition, there is no scientific evidence indicating that chemotherapy is effective or whether radical surgery, including retroperitoneum lymphadenectomy, is necessary for the treatment of AE. Prudent and long-term follow-up is needed.
The incidence of AE without neoplasm was reported to be 3.6% (7/194) by Czernobilsky and Morris [1], 1.7% (4/255) by Fukunaga et al. [3] , 32.3% (34/105) by Seidmann [9] , and 5.8% (7/120) by Bayramoglu and Duzcan [10] . In contrast, the incidence of AE with neoplasm was reported to be 22.8% (29/127) by Ogawa et al. [11] , 14.7% (33/224) by Fukunaga et al. [3] , and 4.4% (8/183) by Oral et al. [6] . These studies agreed that the so-called atypical endometriosis may represent a step in the carcinogenic pathway. However, factors leading to atypia remain poorly understood.
There are few reports of AE without neoplasm, but some researchers reported cases of AE that had developed to ovarian carcinoma. Moll et al. reported the first case of atypical endometriosis that underwent complete malignant transformation within 3 years and subsequently gave rise to invasive clear-cell carcinoma [4] . In a follow-up study, Fukunaga et al. described one of four patients with AE who developed endometrioid carcinoma in the abdominal wall 18 months after they underwent left oophorectomy [3] . Furthermore, Leng et al. reported a case of carcinosarcoma arising from AE that developed within 16 years because of cesarean scarring [5] . We reported a case whose condition had progressed from an endometriotic cyst with atypical feature to endometrioid carcinoma within 10 years [7] . As followed in cases, it is important to conduct long-term follow-up of AE without neoplasms.
There were no characteristic findings with regard to preoperative diagnoses. AE did not always show mural nodules in the inner wall of cysts, which are typical findings that indicate a possible malignant transformation of endometriosis. One of the nine cases showed multilobular cysts, and another one case presented a very small mural nodule on the cyst, which was enhanced by gadium (Fig. 1) .
The incidence of malignant transformation of typical endometriosis has been reported to be approximately 1% [12] . Considering these reports and the low incidence of AE, we could assume that the incidence of malignant transformation of AE is higher than that of typical endometriosis. Therefore, it is essential to manage cases diagnosed as AE with care, especially in younger age, as they need to be followed up for long-term periods by considering precancerous characteristics.
Low dose estrogen-progestin (LEP) has been reported to reduce the occurrence of ovarian cancer [13] , and hormonal therapy including LEP and luteal hormonal therapy for benign endometriotic tissue is effective to suppress the recurrence of endometriosis [14] . On the basis of these results, hormonal therapy for AE, LEP, and luteal hormonal therapy including dienogest, could also have the same effect of reducing the incidence of AE recurrence and malignant transformation.
The case whose condition had developed to ovarian endometrioid carcinoma, had received hormonal therapy with GnRHa for several months after the surgeries. Over 10 years ago, GnRHa was the mainstream hormonal therapy for endometriosis in our country, and LEP or luteal hormonal therapy was not popular. Hormonal therapy including LEP and luteal hormonal therapy for AE might be recommended for the purpose of reducing the recurrence in the same way as used in treating typical endometriosis; GnRHa is not recommended because of its inability to be used for long-term periods and the lack of evidence with regard to its effectiveness. Patients who wish for a baby are encouraged to prioritize pregnancy. We do not recommend postoperative chemotherapy because of lack of evidence supporting its effectiveness. In the present study, patients did not receive postoperative chemotherapy.
The recurrence of endometriosis occurs at a high frequency; it is estimated that the frequency after surgery increases by approximately 10% every year. There have been, however, few reports on the frequency of AE recurrences. In the present study only one case exhibited a recurrence of endometriosis 6 months after her surgery which finally developed to ovarian cancer. All the cases, however, are still alive; the survival rate was 100%.
LaGrenade and Silverberg defined the criteria for AE, but it has not become popular and is still controversial. Atypia with endometriosis is sometimes confirmed pathologically, and the degree of atypia is different in each case. Basically, chronic inflammatory changes occur in endometriotic tissues and are often confirmed by metaplastic reaction in the epithelium of ovarian benign endometrioma. Those changes are diagnosed as part of a benign component, and are often neglected clinically. It sometimes becomes problematic to differentiate AE from metaplastic changes, but this could be distinguished on the basis of the degree of atypia. Perhaps, the metaplastic change in epithelium of endometriosis is a pre-change and pre-state of AE.
Although the pathogenesis of malignant changes in endometriosis remains unclear, some studies suggest that certain aspects of endometriosis are similar to those of other malignancies [8, 15] . There are numerous reported cases of malignancies arising from endometriotic deposits and substantial histological evidence confirming that endometriosis is associated with ovarian cancer, particularly endometrioid carcinoma and clear-cell carcinoma. Reportedly, AE possesses a precancerous potential and numerous studies have reported malignant transformations in endometriosis. Moreover, the coexistence of endometriosis and neoplasms has been reported. However, cases of AE transforming to carcinoma are rarely reported. Histology of all cases without case 2. HE. All section had some kind of atypical features. AE is diagnosed on the basis of histopathological criteria, including the features of eosinophilic cytoplasm, large hyperchromatic or pale nuclei with moderate to marked pleomorphism, an increased nuclear to cytoplasmic ratio, cellular crowding, and stratification or tufting. 
